Neonatal gnotobiotic piglets were inoculated with tissue homogenates and low-and highpassage cell culture material to determine if the lesions of the newly described porcine postweaning multisystemic wasting syndrome (PMWS) could be reproduced. For this, 17 3-day-old gnotobiotic piglets were inoculated intranasally with pelleted chloroform-treated, filtered extracts from cell cultures, filter-sterilized homogenates of lymphoid tissue from PMWS-affected piglets, or control materials. Piglets were maintained in germ-free isolators for up to 5 weeks after infection prior to euthanasia and collection of samples for analysis. All piglets inoculated with the viral inocula developed lesions typical of PMWS, including generalized lymphadenopathy, hepatitis, nephritis, interstitial pneumonia, myocarditis, and gastritis. Porcine circovirus (PCV), as well as porcine parvovirus (PPV), was detected in tissues by virus reisolation, polymerase chain reaction analysis, or immunohistochemistry. All infected piglets developed moderate to high titers of antibody to PCV and moderate titers to PPV. No lesions, virus, or virus-specific antibodies were detected in sham-inoculated or uninoculated control piglets. These studies demonstrate that the lesions of PMWS can be experimentally reproduced in gnotobiotic piglets using filterable viral agents derived from pigs with PMWS and provide an experimental basis for further investigation into the pathogenesis and control of this emerging infectious disease in swine.
An apparently new disease called postweaning multisystemic wasting syndrome (PMWS) is now diagnosed with increased frequency in swine herds in Canada, 6, 10, 11 the United States, 3, 7, 16 and Europe. 3, 18, 30 This syndrome most often affects 5-12-week-old piglets and is clinically characterized by progressive weight loss, tachypnea, dyspnea, and jaundice. 11 Gross lesions in affected piglets include lymphadenopathy, interstitial pneumonia, hepatitis, and nephritis. 6 Histologic lesions are distinctive and consist of multiple and confluent foci of lympho-histiocytic cellular infiltrates, often with a prominent infiltrative eosinophil component. 6, 10 Another unique feature in affected lymph nodes is the presence of syncytial multinucleated giant cells. Circoviral antigens, as well as characteristic circoviral inclusion bodies, are typically present within the multisystemic lesions in affected piglets. 3, 10 Porcine circovirus (PCV) was originally identified in the 1970s as a noncytopathic contaminant of porcine kidney (PK-15) cell lines. 33 Together with chicken anemia virus and beak and feather disease virus of psittacine birds, PCV has been classified into a new virus family called the Circoviridae. 19 Circoviruses are the smallest viruses that infect vertebrates that have been recognized. The virus particle is nonenveloped, 15-24 nm in diameter, and consists of a characteristic singlestrand circular DNA genome of 1.76-2.31 kb. 34 There are no DNA sequence homologies or antigenic determinants held in common among the 3 currently recognized circoviruses. 34 Serologic surveys documented a high prevalence of antibodies to the original isolate of PCV in swine populations in several parts of the world. 9, 12, 31 However, until recently, there has been little evidence 1, 7, 10, 13, 31 that links PCV infection to clinical disease in swine. Although recent studies documented a strong association between the presence of PCV and multisystemic lesions in piglets with wasting disease, 3,10 a causal relationship between circoviral infection and disease has to be confirmed. Herein, we report the results of transmission experiments that were originally designed to clarify the role of a recently isolated, novel PCV strain in the pathogenesis of PMWS. 
Materials and methods

Source of affected tissue and porcine circovirus isolates.
Tissues were collected at necropsy from debilitated 5-12wk-old piglets exhibiting clinical signs 11 and multisystemic lesions 6,10 characteristic of PMWS. Affected lymph nodes from 2 such cases, N96-0650 and N97-1647, were used for preparation of inocula. Circoviral infection was confirmed using immunohistochemistry, virus isolation, and electron microscopy. 10 Tissue samples were also examined for a range of known porcine pathogens using established techniques. 10 Control lymphoid tissue was from a postweaningage piglet from a PMWS-negative herd.
Preparation of inocula. Tissues were stored at Ϫ70 C. Small blocks of lymph node (approximately 2 m) were homogenized using a laboratory blender a for 2 min in 25 ml of Hanks' balanced salt solution containing 2.5% HEPES and penicillin (100 IU/ml)/streptomycin (100 mg/ml). The homogenate was sonicated for 4 sec at 20 kHz, clarified at 2,000 ϫ g, and used for inoculation of cell monolayers or piglets. The ''Saskatoon-7'' isolate of PCV, PCV-Saskatoon-7, was obtained by inoculation of cultures of circovirus-free porcine kidney (PK-15) cells b, 10 and passed 1 (''low passage'') or 17 (''high passage'') times before inoculation into piglets. Tissue homogenate was filter-sterilized (0.2 m) before inoculation.
Infected or uninfected cell culture monolayers were frozen and thawed. Cellular debris was pelleted by centrifugation at 400 ϫ g for 10 min. The cell pellet was resuspended in 2 ml of distilled water containing 0.5% Triton X-114 and incubated at 37 C for 30 min. Cells were sonicated and cell debris was pelleted at 10,000 ϫ g for 30 min. The supernatant was removed and extracted with 50 l/ml chloroform for 10 min at room temperature. After centrifugation, the aqueous portion was removed, and virus was pelleted from the supernatant by centrifugation at 30,000 ϫ g for 3 hr. The resulting pellet was resuspended in Dulbecco modified Eagle medium supplemented with penicillin and streptomycin and filtered with a 0.2-m filter. This substance is referred to as purified filtrate. Inoculated PK-15 cells from passage 1 and passage 17 were used. Aliquots of infected cells used for the inocula tested negative by direct examination for porcine parvovirus (PPV), porcine respiratory and reproductive syndrome (PRRSV), and pestivirus by fluorescent antibody tests or immunohistochemistry 10 and Mycoplasma spp. by culture in Hayflick's medium.
Gnotobiotic piglets. Gnotobiotic piglets were derived from date-mated pregnant crossbred sows by closed hysterectomy and maintained in separate 6-unit stainless steel pentub isolation units as previously described. 14 The isolation units were kept at an ambient temperature of 30 C, and piglets were fed recommended amounts of commercial milk substitute diet 3 times a day. Experimental design and transmission. Twenty gnotobiotic piglets from 3 litters were randomly inoculated with lymph node homogenates or purified filtrate at 3 days of age. Each piglet was given 1.5 ml of inoculum or control fluids that was delivered via drops into the nares. Five piglets received lymph node homogenate N96-0650; 1 piglet received lymph node homogenate N97-1647. Five piglets received 10 2 median tissue culture infective dose (TCID 50 ) low-passage purified filtrate. Four piglets received 10 2 TCID 50 highpassage purified filtrate. Two gnotobiotic control piglets were inoculated with cell culture lysate obtained from uninfected PCV-free PK-15 cells; 3 gnotobiotic control piglets were untreated.
At 5 wk of age, piglets were sedated with ketamine. Uncoagulated blood samples for plasma were collected from the anterior vena cava, and the piglets were euthanized by barbiturate overdose. Complete necropsies were performed. Gross changes in the appearance of organs and estimates of the sizes of lymph nodes were recorded. Approximately 1 cm 2 pieces of lung, mesenteric lymph node, liver, kidney, and spleen were collected from each piglet. Tissues were pooled from each group and frozen at Ϫ70 C for virus isolation. Sections of lung, heart, pancreas, ileum, stomach, liver, kidney, adrenal, spleen, mesenteric lymph node, bronchial lymph node, tonsil, and thymus were fixed in 10% buffered formalin for 3-6 days before routine processing and embedding in paraffin. Lungs were insufflated with fixative before submersion in fixative. Samples of lung, liver, kidney, and mesenteric lymph node were placed in mounting compound and frozen at Ϫ70 C for immunohistochemistry.
Serology. A whole-cell enzyme-linked immunosorbent assay (ELISA) for detection of antibodies to PCV was performed as previously described using PK-15 cells that had been infected with PCV. 10 Briefly, 96-well tissue culture plates containing PCV-free PK-15 cells were infected with PCV-Saskatoon-7 or the original apathogenic isolate PCV-CCL33 10,33 and incubated for 3 days. Tissue culture medium was removed, and the cells were washed by immersion in saline, fixed in acetone and dried, and incubated in blocking buffer, after which 3-fold dilutions of porcine sera were added to replicate wells. Following incubation for 1 hr, biotinylated staphylococcal protein A b diluted in blocking buffer was added. Plates were again incubated for 1 hr before washing, and visualization of reactions using an avidin-biotinimmunoperoxidase technique used according to the manufacturer's instructions. c The titer of anti-PCV antibody was determined by visually assessing the endpoint dilution of serum that stained PCV-infected cells. Controls included reaction of uninfected cells with porcine sera (negative control) and reaction of infected kidney cells with immune porcine or rabbit serum (positive control). Sera collected at each time point from each group of piglets were pooled and also assayed independently c for antibodies to PRRSV by ELISA, PPV by hemagglutination inhibition, and immunofluorescence on PPV-infected coverslips; encephalomyocarditis virus was assayed by virus neutralization. The laboratory that performed these assays was blinded as to treatment group. If pooled serum samples tested positive for antibodies to these viruses, individual serum samples from all pigs in the group were retested.
Immunohistochemistry. Immunohistochemical identification of PCV in tissues was performed as described. 10 Briefly, sections cut from blocks of formalin-fixed, paraffin-embedded tissue were reacted with either diluted rabbit anti-PCV antiserum, diluted porcine immune serum, or a monoclonal antibody to the recent isolate of PCV. 10 Following reaction with the primary antibody, tissues were incubated with appropriate secondary antisera before visualizing the reaction product using an avidin-biotin complex technique, as previously described. 10 Sections were also cut from blocks of frozen tissue and similarly stained for PCV or with a monoclonal antibody against PPV. d Immunohistochemical staining for PPV was conducted only in frozen sections, since to date, attempts to visualize PPV antigens with available reagents in formalin-fixed, paraffin-embedded tissue have not been successful (D. Haines, unpublished observations). Negative controls included serial sections of each block stained with the omission of primary antisera or with the substitution of primary antisera with irrelevant polyclonal antisera from the appropriate species. A positive control tissue from a pig with naturally acquired PMWS was also stained.
Virus isolation and titration. Small blocks of tissue pooled from each group (mesenteric lymph nodes, lungs, liver, kidneys, and spleens) were homogenized and processed as for the preparation of virus inocula. Serial 10-fold dilutions of clarified, untreated supernatants were used to inoculate replicate cultures of circovirus-free, glucosaminetreated PK-15 monolayers in 96-well microtiter plates. 32 After incubation for 3 days, monolayers of cells were stained for circoviral antigen using rabbit polyclonal and porcine polyclonal serum and an immunoperoxidase technique. 10 The viral titer was determined and expressed as TCID 50 .
For PPV, tissue homogenates were inoculated onto PPV and PCV-free cultures of porcine fallopian tube cells. Infected monolayers were passed 3 times at 5-day intervals by freeze-thawing the cultures at each passage. Air-dried, acetone-fixed cytologic preparations of inoculated and uninoculated porcine fallopian tube cells were tested for PPV antigen by indirect immunofluorescence with the monoclonal antibody against PPV.
Polymerase chain reaction. Circoviruses associated with PMWS have been shown to exhibit Ͻ80% nucleotide sequence identity with the PK-15 tissue culture isolate of porcine circovirus. 20 The following primers were designed that allowed the amplification of a 481-bp fragment specific to the circoviruses associated with PMWS: 1443,5ЈCGGA-TATTGTAGTCCTGGTCG-3Ј, 150,5Ј-ACTGTCAAGGCTA-CCACAGTCA-3Ј (B. Meehan, unpublished data). The re-action mixture contained 200 M dNTPS, 1.5 mM MgCl 2 , 50 pmol of each primer, 1ϫ Taq buffer, g 1.25 units Taq polymerase, g and 100 ng to 10 pg DNA in a final volume of 50 l. Reaction conditions were at 94 C for 1 min (1 cycle), followed by 35 cycles at 94 C for 1 min, 55 C for 1 min, and 72 C for 1 min, then a final cycle at 72 C for 10 min. A polymerase chain reaction for PPV was performed using primers that amplify a 158-bp fragment from the VP2 gene. 23 Reaction conditions were previously described, except that the annealing temperature was increased from 45 to 50 C. The identity of amplified fragments was confirmed by digestion with EcoRI. 23 A reverse-transcriptase polymerase chain reaction (RT-PCR) for porcine hepatitis E virus capsid gene was performed as previously described. 21 DNA and RNA were prepared from pooled organs from each group using Tri Reagent h according to the manufacturer's instructions.
Results
Clinical signs. Thirty-five days after inoculation, 1 piglet that received cultured low passage purified filtrate became markedly depressed and was euthanized. None of the other piglets developed clinical signs during the observation period of 37 to 39 days.
Serology. Serum samples collected from piglets before inoculation did not contain antibodies to either PCV-Saskatoon-7 or PCV-CCL33 (Table 1 ). In contrast, all terminal samples had moderate to high concentrations of antibodies that reacted with PCV-Saskatoon-7. Most terminal sera also contained low concentrations of heterologous antibodies reactive with PCV-CCL33. Sham-inoculated control piglets did not develop antibodies to either PCV isolate. Pooled serum samples from all groups collected prior to inoculation were negative for PPV antibodies by hemagglutination inhibition. Terminal serum samples from inoculated piglets had variable concentrations of PPV antibodies by hemagglutination inhibition (data not shown) and also reaction with PPV-infected cells (Table 1). Sham-inoculated piglets did not develop antibodies to PPV. None of the piglets had antibodies to PRRSV or encephalomyocarditis virus before or after inoculation or sham inoculation.
Gross lesions. Results of gross necropsy examina-tions are summarized in Table 2 . All piglets inoculated with tissue homogenate, high-or low-passage purified filtrate had variable degrees of lymphoid hyperplasia of lymph nodes, including submandibular, bronchial, mesenteric, iliac, and prefemoral nodes. Affected nodes were 2-10 times the size of the respective nodes in sham-inoculated or uninoculated control piglets (Fig. 1a, 1b) . The bronchial and mesenteric lymph nodes were the most consistently and markedly affected. Three piglets, including 1 animal inoculated with tissue homogenate, high-and low-passage purified filtrate, had consolidated areas in the anterior ventral areas of lung lobes.
The piglet that developed marked depression 35 days after inoculation with low-passage purified filtrate had a 3-cm perforating gastric ulcer with associated acute aseptic (milk) peritonitis. One other piglet that had received lymph node homogenate had a 2-mm nonperforating gastric ulcer. Another piglet that re- ceived high-passage purified filtrate had extensive gastric hyperemia and submucosal edema.
One piglet inoculated with high-passage purified filtrate had a slightly enlarged liver with multifocal, disseminated 2-3-mm pale foci (Fig. 2 ). Gross lesions were not observed in the kidneys or other organ systems in inoculated, sham-inoculated, or uninoculated control piglets.
Histology and immunohistochemistry. There were no histologic lesions in sham-inoculated or untreated control piglets. In affected lymph nodes from inoculated piglets, there was marked expansion of cortical and paracortical zones, with infiltration by cells with monocyte/macrophage morphology (Fig. 3a, 3b ). There was depletion and occasional necrosis of lymphocytes in the cortex and paracortex. There were often numerous multinucleated giant cells scattered in the cortex and paracortex (Fig. 4) . Often there was stromal proliferation and infiltration by eosinophils in affected nodes. Circoviral antigen was detected in both formalin-fixed and frozen sections and was usually present in large, round or dendritic cells in remnants of follicles ( Fig. 5 ) and, less frequently, in giant cells and fixed sinusoidal mononuclear phagocytes. Viral antigen was not identified in lymphocytes. Lymphoid follicles in the palatine tonsils of many inoculated piglets contained PCV antigen.
The lungs of all inoculated piglets showed variable hyperplasia of bronchus-associated lymphoid tissue (Fig. 6 ). In addition, circoviral antigen was present in scattered large cells within the hyperplastic bronchusassociated lymphoid tissue (Fig. 6 ). Many infected piglets, but not controls, also had multifocal mild or, rarely, moderate interstitial pneumonia.
The hearts of most inoculated piglets had multifocal myocarditis of mild to moderate severity, characterized by infiltration by a mixed population of inflammatory cells; PCV antigen was found in myofibers and macrophages in foci of inflammation (Fig. 7) .
A mild to severe myositis was present in the tunica muscularis of the stomachs (Fig. 8 ) and intestines of all inoculated piglets. Inflamed foci were infiltrated by a mixed population of inflammatory cells in which eosinophils were prominent. In the piglets with gross gastric lesions, there was moderate to severe submucosal edema. There were rare circoviral antigen-positive cells in inflamed foci.
Most inoculated piglets showed multifocal hepatitis and cholangiohepatitis that ranged in severity from mild to severe (Fig. 9 ). There was multifocal single cell necrosis of hepatocytes. Lymphocytes, macrophage, and eosinophils comprised the infiltrating cell population. Prominent fibroplasia around bile ducts was also present. Circoviral and parvoviral antigenpositive cells were found in inflamed foci (Fig. 10a,  10b) .
In most piglets, a minimal to mild multifocal cortical and medullary interstitial nephritis was seen. One piglet inoculated with high-passage purified filtrate had moderate to severe interstitial nephritis (Fig. 11) . Both circoviral and parvoviral antigen-containing cells were found in renal lesions in affected pigs.
Virus isolation. Circovirus was isolated from pooled organs from all virus inoculated groups, in-cluding 1 or more of the following: mesenteric lymph nodes, lungs, liver, kidney, or spleen ( Table 2) . Piglets inoculated with the high-passage purified filtrate had the highest concentration of PCV in their tissues, and the virus was present in all organs tested. Porcine parvovirus was detected in tissue homogenates of pooled organs after 2 passages in porcine fallopian tube cells. Large numbers of infected cells were seen in porcine fallopian tube cultures inoculated with tissues from pigs that received lymph node homogenate and highpassage filtrate, whereas only occasional virus-positive cells were seen in cultures inoculated with tissues from piglets that received low-passage filtrate. Neither PCV nor PPV was isolated from organ homogenates of uninoculated piglets or piglets sham-inoculated with uninfected porcine kidney cells.
Polymerase chain reaction. A circoviral-specific 481-bp fragment was amplified from the pooled organ homogenates from all 3 groups of inoculated piglets but not the sham-inoculated controls (Fig. 12) . A parvovirus-specific 158-bp fragment was amplified in pooled organ homogenates from 2 groups of the inoculated piglets receiving lymph node homogenate and high-passage filtrate, but not from sham-inoculated control pigs or pigs inoculated with low-passage filtrate ( Fig. 13) . Hepatitis E virus-specific genomic material was not amplified using RT-PCR from the organs of any of the groups of inoculated or sham-inoculated piglets.
Discussion
Originally, this experiment was designed to determine the involvement of the novel PCV virus isolate, PCV-Saskatoon-7, in PMWS. Gnotobiotic conditions were used to exclude external (environmental) sources of infectious or toxic materials. Chloroform extraction ruled out the involvement of lipid-containing enveloped viruses, such as PRRSV, in the genesis of the observed lesions. This was further confirmed by a lack of antibodies to PRRSV 28 and a lack of antibodies to ECMV 29 in sera collected from inoculated piglets. Moreover, on the basis of preparation and testing of the inocula, mycoplasmas and bacteria were also excluded as pathogens in these gnotobiotic experiments. Genomic material from the newly described swine hepatitis E virus 21 was not detected in the organs of the piglets with lesions of PMWS. However, seroconversion to PCV, as well as immunohistochemical and molecular evidence of PCV in tissues with lesions, together with similar evidence of PPV infection in inoculated piglets, suggest that both agents may be involved in the pathogenesis of PMWS.
These findings are in marked contrast to the results of previous experimental infections with the PCV of PK-15 cell origin, PCV-CCL33. 1, 31 In those studies, circoviral infection was demonstrated using seroconversion, virus reisolation, and/or fluorescent antibody techniques following experimental infection of newborn and adolescent PCV antibody-negative pigs; however, there were no apparent pathologic consequences of infection. Thus, the results of these experiments that demonstrate the presence of PCV in lesions support previous conclusions based on the examination of field cases of PMWS 3, 10 and indicate that there are probably marked differences in the virulence of PCV-CCL33 and the porcine circoviruses isolated from cases of PMWS. 3, 10 Moreover, as suggested by the results of previous serological studies, 10 the results of the ELISA using sera from inoculated piglets and cells infected with either PCV-CCL33 or PCV-Saskatoon-7 indicate that there are major antigenic differences between these 2 isolates of PCV.
The presence of PPV in the inoculated piglets was unexpected. The failure to detect PPV in the starting inocula using routine fluorescent antibody techniques, together with evidence of PPV infection in inoculated piglets (seroconversion and demonstration of PPV), indicate that the virus was present in low quantities in the lymphoid tissue used as a source of PCV. The PPV subsequently infected the PK-15 cells, which were used for detection and propagation of PCV. The PPV was infectious and replicated in susceptible gnotobiotic piglets, together with the inoculated PCV. The PK cell lines are marginally permissive to PPV infection, 24 and this could account for the undetected PPV infection in the PCV-infected PK cell monolayers, even after numerous in vitro passages.
Since PPV is endemic in swine populations, 22 many weaned pigs, including those that develop PMWS, may be infected with PPV at a time when maternal antibodies to PPV are in decline. 22, 27 When this virus is found in weaned pigs, it is not usually associated with disease. 22 However, immunohistochemical evidence of PPV in lesions typical of PMWS in these inoculated piglets suggests that this virus may also play a role in the pathogenesis of the field disease syndrome. Despite endemic infection, PPV has only occasionally been associated with disease other than fetal death, and exposure of late gestational or postnatal pigs to PPV has almost exclusively been associated with subclinical infection and development of immunity. 5, 8, 15, 22 There is evidence of genetic and tissue tropism variation among field isolates of PPV. 4, 17, 25 Whether this variation is associated with differences in virulence is controversial 4, 17, 25 and requires further investigation in the context of PMWS.
Gnotobiotic technology was used in these experiments as a classical approach to establish the pathogenicity of a newly recognized agent by inoculation into naive, highly susceptible animals contained within an environment free of any other contaminating microorganisms. All piglets were readily infected nasally, which suggests that disease can be transmitted by this route via respiratory or digestive tracts, which is likely relevant to exposure under natural conditions. However, it is now important to confirm these observations in conventionally reared piglets and to determine how these or other agents are transmitted under normal management conditions. Unlike postweaning pigs with naturally acquired PMWS, 1,6,10,11 clinical signs were not consistently observed in gnotobiotes in spite of the presence of gross and histological lesions characteristic of the syndrome. Several factors could account for this. The various inocula contained relatively low titers of PCV and PPV. This dose may be significantly less than that encountered by piglets raised in commercial operations. Here, high levels of these viruses may be obtained from shedding dams or from environmental contamination, since both of these nonenveloped viruses would be very resistant to degradation. Because of the constraints of managing gnotobiotic piglets, these experimental animals were euthanized at approximately 5 weeks of age. This is the minimal age at which the signs of PMWS have usually been observed in affected piglets in the field. 6, 11 Moreover, since these gnotobiotes were maintained in a controlled, sterile environment, they were not exposed to various environmental factors, management practices, exogenous microflora, or pathogens that could be important cofactors in the development of clinical signs of the wasting typical of the disease. The fact that typical lesions developed following inoculation of PCV and PPV in crossbred piglets suggests that genetic factors related to breed or line breeding may not play a critical role in lesion development. However, further studies are required to better define the interaction between these agents and host genetic factors in the development of disease.
As in the previous studies of piglets with experimental 1,2 or naturally acquired PCV infections, 10 PCV antigens were regularly detected in cells of monocyte/ macrophage lineage in multiple organs in these piglets inoculated with a recent field isolate of PCV. However, in contrast to infection with the apparently nonpathogenic PCV-CCL33, 1,2 virulent field isolates apparently have a broader target cell tropism in vivo, including epithelia and muscle tissues. 10 Difference in target cell tropism of 2 genetically and antigenically related herpesvirus of horses, equine herpesvirus-1 and equine herpesvirus-4, have profound effects on disease expression. 26 Whether this phenomenon is important to the pathogenic potential of porcine circoviruses remains to be determined.
Some of the lesions found in these experimentally inoculated piglets, including lymphadenopathy of bronchial lymph nodes with prominent giant cells, interstitial pneumonia, and multifocal myositis involving smooth and cardiac muscle, are very similar to those reported in PRRSV-infected piglets. 28 This similarity of some lesions and the previous report of detection of both PRRSV and PCV in some cases of PMWS 10 raise questions regarding the potential interaction between these 2 pathogens. The presence of circovirus, in addition to PRRSV, has not been formally excluded in the now numerous published investigations of piglets with PRRSV. 28 In summary, several lines of evidence, including lesion induction, PCR, isolation, and immunohistochemical identification as verification of the presence of inoculated viruses in tissue, and seroconversion following inoculation of germ-free piglets document the association of the novel PCV PCV-Saskatoon-7, and PPV with the development of lesions typical of PMWS in neonatal piglets. These findings confirm and extend those in previous reports 1,10 that document the association between circovirus and typical lesions in large numbers of piglets with naturally acquired PMWS. Studies are currently underway to examine the prev-alence of coinfection with PCV and PPV in naturally acquired PMWS and to better understand the role of the 2 viruses in the pathogenesis of this emerging disease syndrome in swine.
